INTRODUCTION

Determination
of stable elements in the human tissues and diet is needed for estimating metabolic parameters concerning uptake and deposition of radionuclides in the human body.
ICRP has selected daily intake of fifty-one elements for a Reference Many. However, ICRP values, being primarily based on data obtained in Western Europeans and North Americans, may not be directly applicable to Asians including Japanese since there are many differences between their habitats, race, customs and food consumption.
To establish Reference Japanese
Man in health physics, the physical, anatomical and physiological data of the Japanese have been reported and discussed in comparison with the ICRP Reference Man data2, 3). They include the observed ratio or transfer factor of strontium between the adult bone and diet and fetal bone and mother's diet.
Some trace elements such as cadmium, nickel, mercury and lead in Japanese diets or in tissues in normal Japanese man were reported"). In these studies, however, intakes were mostly estimated by the "market basket method" and using the standard tables of food com position in Japan). For analytical methods, colorimetry, emission spectrography and atomic absorption spectrometry were used in most of reports. It may be of importance to make clear the time trend in the daily intake of elements for the purpose of radiation protection. The present study was based on the considerable number of total diet samples collected from two locations in Japan during the period from 1967 to 1968. As a starting for a balance study, especially element intake , the daily intake of thirteen elements for adult males including strontium and calcium3) are determined by a modern atomic absorption spectroscopy with the flame and electrothermal atomization .
MATERIALS AND METHODS
Total diet samples were collected from Sapporo and Kyoto in Japan during the period from February 1968 to December 1968 and during December 1967 to December 1968 , re spectively. These sampling times are shown in Table 2 . The sampling plan was made so as to reflect the average intake by collecting the sample bi-monthly , but the sampling in Kyoto failed during the spring to the summer of 1968. Each sample consisted of a total of whole one day meals collected from ten adult males in the city. The samples collected into polyethylene containers with formaldehyde as disinfectant were transported to our laboratory. The sample material was dried at approx. 60°C in a drying oven followed by dry-ashing finally at 450°C. Out of the obtained gray ash, in aliquot of approx. 0.25 g was taken and weighed after being dried at 110°C. It was digested in a borosilicate glass beaker with a mixture of 2 ml high purity conc. nitric acid (Wako Chemicals, Tokyo) and 1 ml high purity 61% perchloric acid (Wako Chemicals, Tokyo) on a Thermolyne HP-11415B hot plate with ceramic top. After the mixture was discolored, it was dried up at approx. 200°C. White residue was dissolved with 0 .5 mol dm-3 hydrochloric acid by gentle heating and the resultant solution was diluted to 25 .00 ml. The concentration of hydrochloric acid was adjusted to 0.1 mol dm-3 . The acid digestion and subsequent procedures of the sample preparation were carried out in a clean-air hood (Class 100) installed in a chemical semi-clean room (better than Class 100,000).
Recovery test was carried out for the following elements; magnesium, iron, zinc , manga nese and copper. Standard solutions of these elements were added to an aliquot of ash . The amount of elements added was chosen so as to be approximately the same content of the sample. Triplicate analyses were made.
The sample solution was subjected directly or after being diluted to atomic absorption spectrometry. Standard solutions for sodium, potassium, rubidium , zinc, nickel, molybdenum and copper were prepared from Johnson Matthey "Specture" materials . Aluminium metal (99.995% purity) was obtained from Research Chemicals, Phoenix, AZ. For magnesium, manganese and iron, standard solutions were prepared from commercially available 1000 ug cm-3 standard stock solutions (Wako Chemicals, Tokyo) Standard solutions were made to be 0.1 mol dm-3 hydrochloric acid. A Perkin-Elmer Model 5000 atomic absorption spectro photometer equipped with a deuterium and tungsten arc background corrector was used with air-acetylene flames and a HGA 400 graphite furnace atomizer and normal graphite tubes . Hollow cathode lamps used were of Hamamatsu Photonics , Hamamatsu, Japan. Aluminium, nickel and molybdenum were analyzed by electrothermal atomization . Determinations of strontium and calcium were already reported').
Operating condition employed will be re ported elesewhere. 
Recovery test
Certain amounts of elements were added to aliquots from a few of the crudely ashed total diet samples before acid digestion. Triplicate analyses were made and the results are shown in Table 1 . These data may indicate that these elements can be determined with satis factory accuracy. Analytical conditions for rubidium had previously been studied in detail in biological materials by usl°). Recoveries for 1 pg CM -3 rubidium were 106 ± 3, 105 ± 4, 96 ± 3 per cent (mean and s.d. of triple run) for three total diet samples. Potassium recoverie were 102 ± 1, 100 ± 2, 97 ± 2 per cent at 0.25, 0.50 and 1.0 pg cm-3 level of addition, re spectively. For sodium, these were 105 ± 5, 101 ± 3 and 98 ± 3 per cent for the three samples, with addition of 0.5 pg cm-3. For aluminium, nickel and molybdenum, additions of 0.40, 0.20 and 0.20 pg cm-3 were made, respectively. Ther recovery was 98 ± 4, 103 ± 2 and 99 ± 1 per cent, respectively.
Daily intake of sodium
Data obtained from Sapporo are considered to be the annual mean of daily intake because of successive sample collections in a year. It seems likely that seasonal variations of daily intakes, which will be described later, are unclear in Sapporo. In the case of Kyoto, it is sug gested that a mean intake found only during the autumn and the winter may be taken as representative in terms of the present results in Sapporo. Literature data were chosen as close as possible to this study with regard to sex, ages and analytical methods.
The mean daily sodium intake found in Sapporo and Kyoto was 4.58 ± 0.46 and 4.16 ± 0.33 g, respectively (Table 2 ). There was no statistically significant difference between them at a five per cent level of significance. The overall mean of the two cities was 4.39 ± 0.45 g per person per day, assuming that the above results in Sapporo and Kyoto were representative. Reported value by Goto") during 1964 and 1969 in the Japanese, using flame photometry was 4.95 g per person per day. Kanazawa recently reported 7.22 ± 0.96 g per person per day in Tokyo by atomic absorption spectrometry after extraction of sodium from successive three-day habitual diet using one per cent hydrochloric acid12). 
Potassium
The mean daily potassium intake found in Sapporo and Kyoto was 1.82 ± 0.21 and 1.42 ± 0.07 g, respectively (Table 2) . A statistically significant difference between them was seen at one per cent level of significance. Potassium is one of the major elements in human body and food. About two grams of potassium are reported to be excreted daily", 14) Potassium intake of 1.4 g per person per day was reported in 1962 by Yamagata although there was no description on the analytical method's)
Magnesium
The mean daily magnesium intake found in Sapporo and Kyoto was 0.203 ± 0.022 and 0.165 ± 0.018 g, respectively (Table 2 ). There was a statistically significant difference between the two areas. Estimates from the so-called market basket method in Okayama and Tokushima areas were reported to be 0.300 g6) and 0.250 g8), respectively. An average daily intake of magnesium in Japan of 0.200 g was reported using complexometryll). An excretion study for the Japanese living in Tohoku District carried out during the period 1967 and 1968 shows 0.170 g per person per day of average excretion13)
Iron
The mean daily iron intake found in Sapporo and Kyoto was 13.1 ± 2.7 and 9.8 ± 2.0 mg, respectively (Table 2 ). There was no statistically significant difference between these two figures. The overall mean during the period was then 11.4 ± 2.8 mg. Iron is one of the most important essential elements. An estimate from the market basket method is reported to be 14 mg per person per day6). National nutrition survey reported daily iron consumption ranging from 13.3 to 14.1 mg during the period 1971 and 197916)
Zinc
The mean daily intake of zinc in Sapporo and Kyoto was found to be 7.59 ± 0.81 and 6.82 ± 0.48 mg, respectively (Table 2 ). There was no statistically significant difference between the two locations. The overall mean during the period was 7.24 ± 0.76 mg per person per day.
Data estimated from the market basket method were 8.6 ± 1.7'7),10.6 ± 1.25) and 30 mg8). Daily intake in the urban and rural area was 6-16 and 8-27 mg, respectively as determined by the analysis of total diets in 196218). Larger values were attributed to the intake of seafoods such as oyster, marine algea and tea8). The presently obtained daily intake seems to be a little lower than the excretion data, 11 mg per person per day").
Zinc intake was reported to be in the range, about 12.5 to 17 mg for the Europeansl9) ICRP selects it to be 13 mg per person per days). Table 3 .
Daily intake of aluminium, manganese, rubidium, copper, nickel and molybdenum *) Mean ± s .d. for triplicate analyses.
Aluminium
The mean daily aluminium intake in Sapporo and Kyoto as determined was 4.85 ± 1.09 and 3.80 ± 0.88 mg, respectively (Table 3 ). There was no statistically significant difference between them. The overall mean during the period was 4.37 ± 1.10 mg per person per day. Intake of 4.5 mg was reported by Teraoka6) using the market basket method and atomic emission spectrometry. The value (45 mg) selected by ICRP is order of multitude higher. It is suspected of contamination or other factors').
Manganese
The mean daily manganese intake in Sapporo and Kyoto as determined was 3.53 ± 0.52 and 4.02 ± 0.33 mg, respectively (Table 3 ). There was no statistically significant difference between them. The overall mean during the period was 3.75 ± 0.50 mg per person per day. Manganese intake measured by total diet samples for the urban and rural inhabitants by the permanganate method was 2.71 and 2.93 mg per person per day, respectively during 1962 to 196320). On the other hand, the intake estimated from the market basket method was reported to be in the range, 3.7 to 4.9 mg in the Japanese s, 6, 17) ICRP selects 3 .7 mg per person per day for the Europeans and North Americans'). It is interesting that lower dietary intakes of manganese for the Western populations have been reported , e.g. 2.13 and 2.7 mg1a, 21).
Rubidium
The mean daily intake of rubidium found in Sapporo and Kyoto was 2 .10 ± 0.32 and 1.64 ± 0.08, respectively (Table 3 ). There was a statistically significant difference between the two sets of results. It was noted that the bi-monthly or seasonal variation was relatively small in both cities. Reports on daily rubidium intake in the Japanese are scarce . Rubidium intake in Hokkaido, Tokyo, Niigata and Kagoshima was once reported by a flame photometric technique to be 2.5, 1.9, 2.1 and 1.9 mg per person per day , respectively and the average intake of 1.5 mg was considered to be representative for the Japanese") . The value selected by the ICRP is 2.2 mg per person per day').
Copper
The mean daily copper intake found in Sapporo and Kyoto was 1 .40 ± 0.39 and 1.19 ± 0.21 mg, respectively (Table 3 ). There was no statistically significant difference between the two sets of data. The overall mean during the period was 1 .30 ± 0.32 mg per person per day. From the market basket method , the daily intake was estimated to be 1.60 ± 0.115), 1.66) and 1.45 ± 0.3417) mg per person per day. There seemed to be no apparent discrepancy be tween the present data and other literature data in the Japanese . Among the data reported for the Europeans and Americans are 0.95 and 1.722), 1 .022') and 3.1 ± 0.8'9) mg. ICRP selects 3.5 mg for daily intake of copper'). It is noted that the daily intake in the Japanese appears half that selected by ICRP.
Nickel
The mean daily nickel intake found in Sapporo and Kyoto was 0 .265 ± 0.081 and 0.240 14. Correlation among daily intakes of thirteen elements Correlation among daily intakes of thirteen elements was studied in three groups of data, i.e., in Sapporo, Kyoto and both cities. For calculation results of the five composite samples from Kyoto and Sapporo were used. The results of the composite sample collected on August in 1968 was omitted because contamination of the sample before the chemical procedure was suspected. Element pairs of higher correlation coefficients are shown in Table 4 . A higher coefficient of correlation above 0.8 was seen between sodium-magnesium and sodium-iron pairs in the three groups. Also high correlation was observed between potassium-rubidium, magnesium-rubidium, iron-zinc, iron-rubidium and sodium-rubidium in Sapporo and in both cities. But, low correlation was observed in Kyoto. Potassium and rubidium intakes for two locations showed a statistically significant difference so far the present data are concerned. Correlation coefficient for potassium and rubidium was low in Kyoto (r = 0.224). Although both elements are expected to behave similarly. 
Conclusion
Data for Japanese compared with the present result is difficult to find in literature . Most of the reported data were obtained photometrically more than a decade ago and data for many trace elements are also scarce. But in case of potassium, magnesium and zinc , the present results showed lower values than other Japanese data. Both the present results in Japanese and ICRP1) are shown in Table 5 . By comparison with the ICRP Reference Man data , sodium, manganese and strontium3) showed a little higher value in the present work. Iron and rubidium was the same value in both cases. Calcium, copper, nickel and molybdenum showed about half the level of daily intake selected by ICRP.
